Katzenstein20); and mononuclear phagocytes and polymorphonuclear leukocytes are found at times even in considerable numbers. Frozen sections of formalin-fixed material stained -for fat show the presence of sudanophile substance within the myocardial cells.
The cardiac lesions, whether preceded by interference with renal blood supply, by ureteral ligation, cellophane or silk perinephritis, or the intravenous injection of simple or refined kidney extracts, are not differentiable. Recent publications10 19, 20, 21 include experiments with the typical lesions that follow the above procedures and these make it unnecessary to present the general picture here. When less drastic experimental procedures are utilized and the animals survive for a longer period, the hemorrhagic and necrotic myocardial lesions ultimately become organized into dense scars (Fig. 44 , Winternitz and Katzenstein19).
These myocardial lesions in experimental renal disease take on added significance when it is recalled that unexplained cardiac failure has been a perplexing complication of renal insufficiency. Ascoli1 described uremia with dyspnea and paroxysmal attacks simulating cardiac asthma without detectable disease of the vascular system. In the literature there are numerous isolated reports of myocardial necrosis12' 13 Approximately 500 cases of uremia were found in the series of 5000 autopsies at the New Haven Hospital. The presence of generalized arteriosclerosis or sclerosis of the coronary vessels necessitated the elimination of 80 per cent of these from the present study. Ten were found among the remaining with well-defined myocardial necrosis. This probably is not a true index of the incidence of this form of cardiac pathology. The lesions may escape even careful observation. They often are confined to a small portion of the myocardium, and a review of microscopic slides and chance bits of fixed tissue from older material is unsatisfactory. Finally, there is no reason why myocardial necrosis secondary to renal insufficiency may not occur even though coronary sclerosis is present, and, indeed, 270 as the muscle of the coronary is susceptible to injury of similar origin, the association should be anticipated.
Focal myocardial necrosis was found only in association with severe renal disease and uremia. The kidney disturbances were diagnosed anatomically as chronic glomerulonephritis, chronic pyelonephritis, healed pyelonephritis, benign nephrosclerosis, and malignant nephrosclerosis. One instance, from the Meriden Hospital, of embolus to the left renal artery is included with the permission of Dr. A. A. Liebow.
The essential clinical features of these cases are outlined in Table 1 . It should be emphasized that in spite of extreme kidney damage, the onset and progression of the renal disease was insidious, and in only one case was a long-standing history of urinary disability elicited. Symptoms of cardiac failure were the chief and presenting complaints, and in conformance with the observations of Gouley9 precordial pain or anginal attacks were entirely absent.
Fresh pericarditis was present in five instances; it consisted of frosty fibrin which could easily be scraped from the underlying hyperemic serosal surface. There was no increase in the amount of pericardial fluid, and in one instance the visceral and parietal layers of pericardium were bound together by numerous tough fibrous adhesions. Marked enlargement and increase in the weight of the heart were present, and the musculature was invariably pale and firm. Over the posterior surfaces of both the left and right ventricles irregularly and variously shaped, mottled, pale yellow or light salmon colored, opaque areas were seen (Fig. 82) . These areas varied in size from 2 to 10 mm. in greatest diameter and did not project above the surrounding surface. They were wedge-shaped and on section had a dry, slightly swollen, lardaceous consistency (Fig. 83) . Subepicardial hemorrhages were present over the posterior surface of the left ventricle and on section multiple small red spots were seen throughout the entire cardiac musculature. Endocardial changes were present in only one case; here an aortic verrucous endocarditis was the probable source of the organizing embolus found in the left renal artery.
Microscopically there were bright-staining strands of fibrin on the epicardial surface and the underlying capillaries were frequently congested. In no case was a cellular exudate found, either on the serosal membrane or within the subserosa. In some instances slight increase of the fibrous connective tissue of the epicardium was noted, and strands of loosely woven collagenous fibers bound the parietal and visceral pericardial layers together. The branches of the coronary arteries were thin-walled; the muscular elements were wellpreserved and the lumina free of obstruction.
The myocardial cells were enlarged, showing varying degrees of hypertrophy with the usual bizarre-shaped and hyperchromatic nuclei. The outermost portion of the myocardium consisted of a thick layer of large, pale-staining, vacuolated cells. The most common lesions were isolated patches of muscle elements located below the epicardium, in which the cells were swollen and had a homogeneous, structureless, ground-glass appearance (Fig. 85) ; the nuclei were occasionally pyknotic and in most instances had entirely disappeared. The myoplasm took a more intense eosin stain than did the surrounding musculature and with the Masson trichrome stain assumed a dark purple or grey-green color. Vacuolization of the cells at the periphery of these foci was noted and in many instances patches of cells showing only this latter change were seen. In formalin-fixed material, sectioned after freezing and stained with Sudan III, these zones showed extensive fatty change (Fig. 84) . The replacement of myoplasm by alcohol-soluble material was so extensive that only a fine fibrillary meshwork remained, the cell boundary having disappeared and the whole area presenting a motheaten appearance. With high magnification of a Sudan III preparation (Fig. 85 ) the cells appeared finely stippled with small granules of sudanophile material, and where more advanced changes had occurred the larger and more numerous droplets resulted in a homogeneous red mass. The center of these zones of fatty change showed, in two cases, cells which counterstained deeply with hematoxylin, and when stained by the von Kossa technic gave a positive reaction for calcium. Where these cells were cut longitudinally the calcification occasionally involved only a few myofibrils in patchy fashion (Fig. 86 ), but in other instances the entire cell was transformed into a dark blue mass. A further finding was the complete disappearance of muscle elements from focal zones in the subepicardial region; such areas being composed of a loose network of stroma having a myxomatous appearance and no longer giving a positive reaction for fat (Fig. 87) . Replacement of similar zones by vascular granulation tissue was seen and well-healed scars of dense, fibrous, connective tissue were found in the subepicardium. Extravasated red blood cells were present in and around areas where the muscle cells showed swelling and hyaline change. The lack of cellular exudative response in these altered muscle foci was striking and in only two instances were a few small round cells noted. Rarely were changes in the smaller vasa seen; thrombotic closure of minute arterioles and venules and occasionally hyperplastic arteriolar changes of the "onion-peel" variety were found.
Protocols of the various types of renal disease follow. They will include only the positive clinical and anatomical findings.
A-5292: One month after an upper respiratory infection complicated by a draining right ear, this 31-year-old housewife first experienced headache, blurred vision, edema, nausea, vomiting, and burning associated with the passage of smoky urine. Six weeks after the onset of these symptoms, dyspnea, orthopnea, and palpitation occurred and the patient entered the hospital. Her previous illnesses included scarlet fever in childhood and yearly sore throats for which tonsillectomy was performed one year before admission.
The patient appeared chronically ill, the pulse was 120, and the blood pressure was 220/140. Numerous fresh and old fundic hemorrhages, an overacting heart, bilateral costovertebral angle tenderness, and edema were the principal physical findings. Anemia was marked and the urine contained blood and albumin and had a fixed low specific gravity. The blood nonprotein nitrogen was 110 mgm. %.
Oliguria, acidosis, progressive cardiac failure, and signs of pericarditis characterized the eight-day hospital course. The clinical diagnosis was acute glomerulonephritis.
The significant postmortem findings were: Petechiae in the skin, mucosae, and serosal surfaces; anasarca; fibrinous pericarditis; numerous wedge-shaped, opaque, yellow, subepicardial foci of myocardial necrosis in a heart which weighed 385 gm.; finely granular flea-bitten kidneys each of which weighed 100 gm. and showed no cortical narrowing.
Microscopically the necrotic myocardial foci contained considerable fat (Figs. 83, 84, 85 ) but no changes of the coronary arterioles were seen. The glomerular tufts were adherent to the capsule and crescent-shaped scars were noted. Fresh fibrinoid changes were seen in the loops of the glomerular tufts and in the afferent arterioles. The tubules were dilated and contained hyaline and granular casts.
A-2532: This 37-year-old white female experienced frequency, vomiting, edema, and headaches in association with numerous pregnancies. Two years before admission following a spontaneous abortion she was admitted to the New Haven Hospital because the above symptoms persisted. Her blood pressure was 230/130. Her condition remained unchanged during the following two years. Prior to her last admission, dyspnea and orthopnea became distressing.
The patient appeared chronically ill and was dyspneic and cyanotic. The pulse was rapid and the blood pressure was 250/160. Many fresh and old retinal hemorrhages were present. The heart was large, the precordium heaving, and accentuated second sounds accompanied by a systolic murmur were heard. There was pitting edema of both ankles. Hyposthenuria with albumin, red cells, and casts, a moderate anemia, and a blood non-protein nitrogen of 133 mgm.% were found.
The patient became increasingly stuporous, a pericardial friction rub was heard, and death occurred one week after admission. The clinical diagnosis was chronic pyelonephritis; hypertension with hypertensive heart disease, congestive heart failure, and uremia.
The significant postmorten findings were: Massive ascites and hydrothoraces; dependent subcutaneous edema; fibrinous pericarditis; a heart which weighed 425 gm. but in which no gross myocardial changes were noted; small granular kidneys with dilated and thickened pelves and narrow cortices.
Microscopically numerous foci containing swollen myocardial cells with pyknotic or absent nuclei and with a homogeneous glassy myoplasm were seen in the hypertrophic musculature. In some areas the cells were vacuolated and gave a positive staining reaction for fat. Cells characteristic of inflammation of both acute and chronic variety were present within the renal tubules, in the thickened pelves, and throughout the entire scarred parenchyma. Dilatation with fibrinoid change of the afferent arterioles and of the glomerular tufts was frequently observed and similar arteriolar lesions were seen in the pancreas and spleen.
A-5189: This 50-year-old white female became dyspneic six months before she was admitted, in delirium, to the hospital. The blood pressure was 230/120, the blood non-protein nitrogen was 63 mgm.%o, and the urine had a fixed specific gravity, with 2+ albumin and with blood and casts. She was discharged unimproved and returned one year later because of increasing dyspnea.
The patient was pale and appeared chronically ill. The blood pressure was 212/120 and the heart sounds were obscured by a shuffling pericardial rub. Far-advanced retinitis, fluid in the left thorax, an enlarged liver, and edema were present. Moderate anemia, a blood non-protein nitrogen of 85 mgm.%o, and urine with a specific gravity of 1.005 and containing blood cells, albumin, and casts were the significant laboratory findings.
The four-month hospital course was characterized by increasing renal and cardiac failure. The blood non-protein nitrogen reached 168 mgm.%c. Numerous epistaxes preceded death. The clinical diagnosis was chronic pyelonephritis, hypertensive cardiovascular disease, and uremia.
At autopsy there were large effusions in the peritoneal and pleural cavities and edema of the legs, trunk, and arms. The pericardial space was obliterated by fibrous adhesions and the heart with the attached pericardium weighed 820 gm. The musculature was firm and pale red-brown. A few small, opaque, yellow spots were noted, most numerous in the posterior portion of the interventricular septum. The kidneys each weighed 70 gm. The capsules stripped with ease leaving a granular surface. The cortices were narrowed. The pelves were not dilated, and were thin and lined by smooth white mucosa. The renal arteries were sclerotic and the lumina were narrowed 50 per cent by atheromata.
Many small foci of the myocardium were seen microscopically; these took a bright eosin stain. In the interventricular septum similar foci occurred and in these there were vacuolated fat-containing cells. Other cells were present in which the myofibrils took a dark-blue stain and these gave a positive von Kossa test for calcium (Fig. 86) . Scarring of the renal parenchyma with diminution in the number of glomeruli and dilatation of the tubules were marked. The interlobular and arcuate arteries showed thickening of the walls with concentric rings of fibrous connective tissue. No arteriolar changes of the fibrinoid variety were seen. The pelves were thin and free of inflammatory change.
A-M215: Six weeks before admission to the Meriden Hospital this 29-year-old white male was seized with sharp lower abdominal pain. Two days later the pain migrated to the substernal region and was accompanied by dyspnea and vomiting. The symptoms persisted until admission.
The patient was frail and poorly nourished. The blood pressure was 150/110. The nerve heads were engorged and a fresh hemorrhage was seen in the left retina. The heart was enlarged, and a gallop rhythm with superimposed pericardial friction rub was heard. The abdomen was tender. Anemia with a leukocytosis was noted. The urine specific gravity was 1.009 and contained 2+ albumin and a few white blood cells. The non-protein nitrogen of the blood was 42 mgm.%o.
A low-grade fever, rapid pulse, elevated blood pressure, hyposthenuria, albuminuria, pyuria, and cylindruria characterized the course of the illness. The non-protein nitrogen of the blood rose to 50 mgm.%o. Cardiac failure and mental confusion increased and death occurred 30 days after admission. A tentative diagnosis of Hodgkin's disease was made.
At autopsy the body was emaciated. The pleural cavities contained fluid. The heart weighed 425 gm. and was covered by a smooth serosa through which irregularly shaped, golden-yellow spots were seen. A small red vegetation was present on an aortic cusp and numerous thrombi were attached to the endocardium of both ventricles. Multiple sections of the coronary arteries revealed widely patent lumina. The right kidney weighed 250 gm. Two small opaque triangular infarcts were seen in the red-brown parenchyma. The cortex was narrow and traversed by alternate red and white radial striae. There was a large submucosal pelvic hemorrhage. The left kidney weighed 50 gm. The capsule was firmlv adherent over small depressed scars. The cortex was studded with small opaque yellow zones. A firm grey-white mass completely obstructed the left renal artery. Small infarcts were present in the lungs and spleen.
Microscopic examination revealed numerous foci in the left ventricular myocardium in which the cells were structureless and the myoplasm had a ground-glass appearance. In other zones the cells had disappeared and only loose stroma remained (Fig. 87) . rhere was a fresh thrombus among the columnae carneae. Necrosis of all the parenchymal elements was found histologically in the left kidney. Small hemorrhagic infarcts were present in the right kidney and the small arterioles showed fibrinoid changes. Similar lesions of small arteries were seen in the pancreas, spleen, heart, and intestines. The liver contained focal necrotic lesions. Discussion Bright,5 in discussing the cardiac changes found in kidney disease, postulated that "an altered state of the blood" was responsible for the extrarenal manifestations. In confirmation of this thesis are the experiments of Blalock3 and of Page14 which indicate that the changes following renal ischemia are mediated through humoral mechanisms. The occurrence of similar widespread changes following the injection of kidney extracts into animals, and their presence in cases of renal insufficiency suggest that under certain disease conditions substances are released into the organism that are responsible for the "toxemia" so frequently observed.
The possibility that the necrotic myocardial foci observed in experimental and in human renal disease are miliary infarcts suggests itself. Indeed, necrotic arteriolar lesions occur in the smaller myocardial vessels but these are only rarely accompanied by superimposed thrombus and the lumina of these vessels are usually not obstructed. Furthermore, under conditions of renal disease muscle necrosis is observed not only in the heart but in the smooth muscle of the intestinal tract and in the muscular coats of both small and large blood vessels, and the lesions in these vessels are unassociated with infarction. It is suggested, therefore, that the myocardial lesions and also those of the vessel walls are products of the same noxious agent and are not dependent one upon the other.
Sumnmary
Focal myocardial necrosis follows the experimental production of renal ischemia and also occurs after injection of renal extracts into nephrectomized dogs. Emphasis should be placed upon the fact that such lesions may occur with or without necrosis of the smooth muscle of the myocardial arteries.
The counterparts of these experimental lesions occurring in nine patients with severe renal insufficiency are presented, confirming previous reports of Gouley and others. 
